To evaluate the functional outcome of plate fixation for displaced olecranon fractures, both simple and comminuted. Design: Retrospective patient, chart, and radiographic review. Setting: Academic teaching hospital. Patients: Twenty-five patients who underwent plate fixation of displaced olecranon fractures by two surgeons were independently reviewed at an average follow-up of thirty-four months (range, 15-69 months). Main Outcome Measurements: Physical capability was assessed by measuring range of motion and isometric elbow strength. Patient-rated outcomes were evaluated using the SF-36, DASH, Mayo Elbow Performance Index (MEPI), and visual analogue scales for patient satisfaction and pain. Radiographs were evaluated preoperatively, postoperatively, and at the time of final review. Results: The average patient age was fifty-four years (range, 14-81 years). The Mayo classification of fractures was fourteen Type II and eleven Type III. An adequate reduction was maintained in all elbows until union. Physical capability measures indicated nonsignificant side-to-side differences in motion or strength, except for supination motion, which was reduced in the injured arm (p ‫ס‬ 0.003). The MEPI-rated outcome was twenty-two excellent or good. Patient satisfaction was high (9.7/10), with a low pain rating (1/10). The mean DASH score was consistent with almost normal upper extremity function. The SF-36 showed no difference in physical health as compared with the average American population. Twenty percent of patients required plate removal because of prominence of the internal fixation. The outcome was not influenced by fracture pattern. Conclusion: Plate fixation is an effective treatment option for displaced olecranon fractures with a good functional outcome and a low incidence of complications.
Displaced olecranon fractures are common in adults; however, there are few data documenting the objective and subjective functional outcome of operative management. Tension band wiring is frequently recommended for noncomminuted fractures (2, 3, (6) (7) (8) (9) (10) 16, 18, 19, 22, 28) . Plate fixation is commonly employed for comminuted fractures, because subchondral bony comminution opposite the tension band will cause failure in compression (6, 10, 11, 15) . Plate fixation also has been recommended for the management of simple olecranon fractures (12) .
The purpose of this retrospective study was to determine the functional outcome of plate fixation for displaced olecranon fractures, both simple and comminuted. We determined the physical capability, patient-rated outcome, and general health status in a consecutive series of patients with displaced olecranon fractures treated primarily by plate fixation.
MATERIALS AND METHODS
Thirty consecutive skeletally mature patients with a displaced olecranon fracture were treated by use of a standard surgical technique by two surgeons in one center between 1993 and 1997. At the time of this review, one patient had died, three could not be located, and one refused involvement, although she claimed to be satisfied with her outcome. Three of the twenty-five patients were unable to travel for strength testing in the clinic but completed questionnaires and had radiographs. Twenty-two patients returned for a multidisciplinary assessment by an independent evaluator.
The average patient age was fifty-four years (range, 14-81 years), and sixteen had injured their dominant arm. Fourteen were female and eleven male. The mean follow-up was thirty-four months (range, 15-69 months). The mechanism of injury included slips or falls onto their arm (twenty patients), motor vehicle collisions (two patients), and bicycle accidents (three patients). All patients had unilateral injuries. However, one patient with developmental handicaps had preexisting limited elbow motion of the unaffected side (90-degree flexion arc).
The Mayo classification was used to describe the fracture pattern (1) . A Type II olecranon fracture is displaced, but the ulnohumeral joint is stable, whereas a Type III fracture has a concomitant subluxation or dislocation of the elbow. Each fracture type is subdivided into comminuted or noncomminuted subtypes. There were fourteen Type II fractures, of which nine were comminuted; eleven were Type III fractures, seven of these being comminuted. Seven patients had concomitant radial head fractures, and four patients had a coronoid fracture. All seven radial head fractures were associated with Mayo Type III olecranon fractures. According to the Orthopaedic Trauma Association classification of olecranon fractures, six were B1.1, twelve B1.3, one C1.1, two C2.1, one C2.2, and three C3.3.
All surgical procedures were performed with the patient in a lateral decubitus position, under general anesthesia, using a tourniquet. Using a posterior midline skin incision just lateral to the tip of the olecranon, the olecranon plate was placed either posteriorly or laterally. Cancellous screws were placed in the proximal fragment and cortical screws in the distal fragment. Twenty olecranons were fixed by using a 3.5-millimeter reconstruction plate, four patients with diaphyseal extension were fixed with 3.5-millimeter dynamic compression plates, and in a single case a one-third tubular plate was used. When three screws could not be placed in the proximal fragment, two patients with severely comminuted fractures had supplemental tension band wiring. Four patients underwent a metallic radial head arthroplasty for irreparable comminuted radial head fractures, one had internal fixation with Herbert screws, one with bioabsorbable pins, and one minimally displaced fracture was treated nonoperatively. Three elbows had a concomitant medial collateral ligament repair. Four Regan Type II and III coronoid fractures were lagged through a posteriorly placed plate (20) . There were two open fractures, a Grade 1 and a Grade 3B; the latter required a radial forearm flap for soft tissue coverage. Five patients underwent autogenous iliac crest bone grafting of comminuted fractures.
Postoperatively, the elbows were initially splinted in extension. Active elbow flexion and gravity-assisted extension were initiated on postoperative Days 1 or 2. Patients used a static progressive extension splint at night for up to twelve weeks postoperatively and a 90-degree resting splint during the day for no more than six weeks.
An independent observer not involved with their initial fracture management evaluated all patients clinically and radiographically at least one year postoperatively. Patients were assessed by using the joint-specific Mayo Elbow Performance Index (MEPI), which measures motion, pain, stability, and function to arrive at an overall grading (17) . Patient-rated outcomes included a global health assessment (SF-36), the region-specific Disability of Arm Shoulder Hand questionnaire (DASH), a visual analogue scale (VAS) subjective pain score, and a VAS patient satisfaction score (4, 24, 27) . The SF-36 is a thirtysix-item general health questionnaire for which eight domains of health can be calculated. The dimensions of physical health can be computed into a physical component summary score (PCSS), which weighs physical function, physical role, bodily pain, and vitality into a single score. This score can then be compared with an average for the American population (50 ± 10) or with age-gender-specific values (27) . In this study, patient scores for physical health (PCSS) were compared with age-gender-specific values. The DASH ascertains overall function of the upper extremity. It is a thirty-question tool that measures the level of pain, arm function, and some social items. A score of zero indicates a perfectly functioning arm (4). Normal age-gender-specific values for the population have not been established. The subjective pain score included subcategories of pain at rest, when lifting, after repetitive movement, and at night (13) .
Joint motion was assessed by using the NK hand evaluation system (NK Biotechnical Engineering Company, Minneapolis, MN), and isometric strength was measured with the LIDO dynamometer (Lorenden, Biomedical, Sacramento, CA). One patient, who had 5/5 strength on clinical examination, did not complete the LIDO dynamometer testing because of equipment failure. Statistical analysis of physical impairments compared affected with unaffected sides by paired t tests (alpha ‫ס‬ 0.05). Radiographs were reviewed preoperatively for fracture classification and associated fractures, immediately postoperatively, and at the time of final review for adequacy and maintenance of reduction, evidence of union, and arthritis.
RESULTS
Reduction was maintained until union in all twentyfive elbows. On immediate postoperative radiographs, three patients had an articular step-off of less than two millimeters, and one patient had a three-millimeter gap. At final review, two elbows had mild joint space narrowing (less than two millimeters relative to the contralateral elbow) but were asymptomatic. Two patients had Class I heterotopic ossification that did not affect motion (7) .
Physical capacity measures indicated minimal loss of motion or strength. No statistically significant differences were present between the affected and unaffected elbow in any measures of strength when tested on the LIDO, although there was a trend for the affected arm to have lower supination strength (p ‫ס‬ 0.07) ( Table 1) . Only forearm supination showed a small, but statistically significant, decrease in motion (p ‫ס‬ 0.003) ( Table 2) . 
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MEPI showed thirteen excellent, ten good, one fair, and one poor result ( Table 3 ). The mean score was eighty-nine. Sympathetic maintained pain syndrome (SMPS) was the major cause of the fair and poor results in the MEPI. The mean pain score was one out of ten (range, 0-7), with zero and ten correlating with no and worst pain, respectively. The average satisfaction rating was 9.7 out of 10 (range, 7-10), with ten representing complete satisfaction. The poorer scores for both the pain and satisfaction VAS were also noted to be in the two patients diagnosed with SMPS.
The results of the DASH are displayed in Table 3 . The mean score for the DASH was 10 ± 15.6, with zero representing a perfectly functioning arm and 100 the worst score. Although the mean score suggested that overall arm disability was low for this group of patients, a subgroup of seven patients were unusual by reporting more problems on the DASH (range, 18-50). The SMPS patients accounted for two of these. In the other five patients, ipsilateral shoulder or neck pain resulted in the larger scores for four patients, and a benign essential tremor explained the low functional score for the fifth patient. These results did not correlate with poor results in any of the other measures used in this study. According to the SF-36, the mean physical health 48 ± 12 and mean mental health 55 ± 9 were not different from the age-/sex-specific values for the American population.
A comparison between the subgroups of Type II (Fig.  1) and Type III (Fig. 2) olecranon fractures showed no statistically significant difference in any of the outcome measures. Minimal differences were noted in pain scores, satisfaction, DASH, SF-36, and range of motion scores (p < 0.07). Only in the area of strength were any appreciable differences noted between Mayo II and III fractures ( Table 4 ). The ratio of unaffected/affected strength in flexion and extension shows losses in the area of 20 percent. The size of this difference may be clinically important. However, because of the small size of these subgroups, there was insufficient power to determine whether this observation was statistically significant (p ‫ס‬ 0.16 and 0.20, respectively). Taken overall, the subgroup analysis indicated similar outcome in the two subgroups.
There were no infections complicating the postoperative course. Five patients (20%) required plate removal for pain caused by prominence of hardware. Two of these patients had concomitant tension band wiring. One transient ulnar neuropathy was associated with a medial collateral ligament (MCL) repair. One patient developed an acute SMPS, superimposed on a preexisting ipsilateral upper extremity SMPS. Another patient developed an acute SMPS, which negatively influenced her outcome.
DISCUSSION
The goals of olecranon fracture management are to restore and maintain joint stability, articular congruity, strength, and a pain-free arc of functional elbow motion. This study confirms that all of these goals can be met by using plate fixation. Physical capacity measures showed elbow motion and strength returned to premorbid function, indicated by the lack of difference between affected and unaffected elbows. Only forearm supination showed a small, but statistically significant, decrease in motion. We found that the MEPI accurately reflected the overall elbow function of the patients. Twenty-three elbows had either good or excellent results. The physical capacity measures and VAS for pain and satisfaction seemed to mirror the patients' MEPI grading. Turchin et al. (26) showed the MEPI to be the most responsive in detecting clinical change when compared with four other elbow 
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scoring systems. The SF-36 indicated that the mean physical and mental health of this cohort of patients was similar to that of the normal American population. However, this outcome measure is expected to be less responsive to upper extremity disability than other instruments such as the DASH and the MEPI. The MEPI was specific to the elbow, whereas the DASH addresses the entire upper extremity. We attribute some of our higher DASH scores to pathologic conditions affecting other parts of the upper extremity that were unrelated to the elbow injury. Teasdall et al. (25) , after reviewing the results of 
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sixteen isolated olecranon fractures, concluded that "operative stabilization of comminuted fractures of the olecranon cannot be recommended over excision in the absence of complicating factors (i.e., coronoid process fractures, ligamentous instability, or associated radial head fracture)." This study and others strongly advocate the use of plate fixation for comminuted olecranon fractures (6, 8, 12, 21, 23) . In this retrospective review, the success of plate fixation was not influenced by the fracture pattern, provided that a good reduction was achieved and maintained in different fracture types. The quality of the reduction is important, not the severity of the original injury. Murphy et al. (18) recognized this when they found postoperative displacement or malreduction greater than or equal to two millimeters was associated with a poor outcome. Eriksson et al. (5) reported that persistent displacement, which exceeded two millimeters, had a significantly higher incidence of secondary arthrosis. In our study, one patient had a postoperative gap greater than two millimeters, and no patient had an articular step greater than two millimeters. Two of our patients had asymptomatic mild joint space narrowing. Our reconstruction focused on restoring the normal contour of the greater sigmoid notch, in particular, the anterior and posterior facets of the olecranon. In comminuted fractures with bone loss, a gap between the anterior and posterior facets cannot always be avoided. However, this does not seem to influence the outcome as long as the contour of the greater sigmoid notch is restored.
Ring et al. (21) recently reviewed seventeen olecranon fractures associated with a dislocation of the elbow, fifteen of which were treated by plate fixation. They termed these transolecranon fracture-dislocations, which are equivalent to a Mayo Type III fracture. The results of our eleven Mayo Type III olecranon fractures support their conclusion that stable restoration of the appropriate contour and dimensions of the greater sigmoid notch of the olecranon will lead to good results.
Twenty percent of our patients required hardware removal to treat symptomatic metal prominence. This is much lower than the rates found in the literature for tension band wiring (3, 8, 9, 16, 18) . Both of our patients who had concomitant tension band wiring required hardware removal.
In this study, there were a relatively small number of patients in each fracture subtype, which decreases the power of their comparison. The difference in flexion and extension strength between Mayo Type II and Type III fractures approached clinical significance (i.e., 20 percent). All seven radial head fractures were associated with Type III olecranon fractures, and the question of whether strength is more affected in these injuries should be addressed in a larger study group. However, because patient satisfaction, pain, upper extremity quality of life, and overall quality of life were very similar between the two subgroups, the clinical significance of a 20 percent strength deficit is not supported. Overall outcome was similar in Types II and III.
Three different plate types were used. All but two plates were placed posteriorly on the olecranon and proximal ulna. Posterior plating allows lag screw fixation of displaced coronoid fragments through the plate and may be desirable in fractures with posterior comminution. Lateral plates may result in a lower incidence of postoperative hardware pain than posterior plating; however, this could not be determined in this study (14) . Reconstruction plates are recommended for routine use. Dynamic compression plates should be considered for patients with severe comminution and those with diaphyseal extension.
The findings of this study indicate that, after plate fixation of displaced olecranon fractures, there is a minimal loss of physical capacity, little pain and disability, normal health, and high patient satisfaction. There was no difference in outcome between patients with Mayo Types II and III fractures.
